¥>/^TT " " international Bureau 

, rxiopp THF PATENT COOPERATION TREA TY (PCT) 



(51) International Patent Classification 6 : 

C07K 14/54, 1A8, C12N 1/21 // (C12N 
1/21, C12R 1:19) 



Al 



(11) International Publication Number: WO 97/47650 

(43) Internationa. Publication Dat e: ,8 December .997 Q8..2.97) 



(21) International Application Number: PCT/EP97/02591 

(2 2) Internationa. Filing Date: 2. May 1997 (2! .05.97, 



WPr ^SJ5?i 7 June ,996 (07.06.96) 

Lainate (IT). 

Fratelli di Dio, 168, Sesto S. Giovanni, 1-20099 Milano <i >. 



c* ah CA IL JP KR, US, European patent 
(81)l ^AT at BE f^DE DK^S'FR/OB. GR. IE, IT. LU. 
MC,' NL, PT. SE). 



Published 

With international search report. 



(54) Title 

E. COU 
(57) Abstract 



^^^^^ 



(57) Abstract ^rmcntinft a strain of recombinant £. co/i. 

range 7.5 to 9.0 and an increased ionic strength. 



BNSDOCID: <WO 9747650A1J > 



FOR THE PURPOSES OF INFORMATION ONLY 

»*- -— y — „. fc „. fc _ ^ of ^ ^ wfcatoo ^ ^ ^ 



At, 


Albania 


AM 


Armenia 


AT 


Austria 


AU 


Australia 


AZ 


Azerbaijan 


BA 


Bosnia and Herzegovina 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Central African Republic 


CC 


Congo 


CH 


Switzerland 


CI 


Cdte d' (voire 


CM 


Cameroon 


CN 


China 


CU 


Cuba 


cz 


Czech Republic 


DE 


Germany 


DK 


Denmark 


EE 


Estonia 



ES 


Spain 


FI 


Finland 


FR 


France 


GA 


Gabon 


GB 


United Kingdom 


GE 


Georgia 


GH 


Ghana 


GN 


Guinea 


GR 


Greece 


HV 


Hungary 


IE 


Ireland 


IL 


Israel 


IS 


Iceland 


IT 


Italy 


JP 


Japan 


KE 


Kenya 


KG 


Kyrgyzsian 


KP 


Democratic People's 




Republic of Korea 


KR 


Republic of Korea 


KZ 


Kazakstan 


LC 


Saint Lucia 


LI 


Liechtenstein 


LK 


Sri Lanka 


LR 


Liberia 



LS 
LT 
LU 
LV 
MC 
MD 
MG 
MK 

ML 



I-esotho 

Lithuania 

Luxembourg 

Latvia 

Monaco 

Republic of Moklova 

Madagascar 

The former Yugoslav 

Republic of Macedonia 

Mali 



MN 


Mongolia 


MR 


Mauritania 


MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


sc 


Singapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


SZ 


Swaziland 


TO 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 

UA 


Trinidad and Tobago 


Ukraine 


UG 


Uganda 


US 


United States of America 


UZ 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


ZW 


Zimbabwe 



BNSDOCID <WO 9747650A1 J_> 



PCT/EP97/02591 

WO 97/47650 

PROCESS FOR THE PURIFICATION OF «U«- 

RECEPTOR ANTAGONIST FROM RECOMBINANT E . COLI 



The prese nt invention refers to a new purification 
' process of the human Interleukin-1 receptor-antagonist 

process uj- ^ ^^r, n f recombinant E. 

( IL-lra) obtained by fermenting a straxn of 

coli . 

As known, the members of the interleukin-1 (IL-1) 
" are important mediators of inflatory and immune 

responses. A*ong these Interle»kin-la and „ UL-la and IL- 
lp) behave as agonists on the IL-1 receptors, ^ 

hie for the stimulation of a number of cellular 

15 i % tited to ^ _ — • 

IL-lr. .the third member of the family. - a 

protein that, like IL-la and IL-lp. hinds both the IL-1 

, . I (IL-1R type I) on the T-cells (see Cannon 

20 ^ Lture, 1.0. 343, 3,., ^ -» ^ »- 

E 7. et .1.. a. Biol. Chem., 1991, 266. 20311). 
Nevertheless, differently from XL-la and XL-IP, IL-lr. acts 
2S as a pure antagonist, blocking the binding of the IL-la and 
XL-lp proteins to the said receptor and thereby provide a 
relevant control of on the whole IL-1 system. 

Although extremely important for mediating the 
rmmunologrta! response against pathogens, overproduction of 
30 IL -1 U.e. IL-la and IL-lp, may in som. .cases ead^ ^ 
undesired pathogenic conditions. This is. t 
„se of septic shock, graft versus host disease or 
case of s ^ rheU matoid arthritis, insulin 

autoimmune diseases, suui 
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dependent diabetes mellitus, multiple sclerose and certain 
types of leukemia. 

As showed by a number 0 f authors, the inhibition of the 
IL-1 activity by IL-lra in said pathogenic conditions could 
ha Ve therapeutic effects (see for instance, Dinarelio c A 

Adv. Pharmacol., 1994 2S n oi ^ ^ *' 

/ p> 21 and Dower K.S. et al 

Therap. Immunol., 1994, 1, p. 1131 . lt appears howeve ;' that 
re atrvely high amounts of protein are retired in order to 
achieve significant clinical results (Fisher C.J et al 
10 JAMA, 1994, 271, 1836). 

Because of the ev ld ent difficulties of providing high 
amounts of the human IL-lra for further studies, the 
preparation of recombinant IL-lra proteins is highly 
desirable. Y 

" The IL-lra protein produced by recombinant E. coil 

according to the present fermentation process is an 
^glycosylated protein of about 17.5 kDa whi ch has an 
affinity for the IL-1R type I similar to the one of the 
natural occurring glycosylated protein (Molecular weigh* of 

:::„ 22kD ::' as d — ^ et al ., Eur ; ur ° f 

Biochem 227, 838-847. (1995) . Furthermore< it ha= 

hown that said recombinant I L - lra inhibits a variety of 
IL-1 dependent processes both in vitro , (see Eisenberg s P 
« .1 NatU re, 1990, 343, 3 41; A rend W.P. et al., j. ' ' 
Clrn. invest., 1990, 85, 1694 a nd Mclntyre K.w. et al j 
Exp. Med., 1991, 173 931 , ,„ H • • 

' 11 931 » in Vivo (see Rambaldi A. Et 

al., Blood, 1990, 76, llt , Comlneili F _ „ 

invest., 1990, 86. 9 7 2 and Alexander „. R . « a i . , j Exp 
Med., 1991, 173, 1029). P ' 

The expression of the recombinant IL-lra and its 

Schriud""" £r0m '—"•"«>» b «'n are disclosed by 

Schr uder et al . , Eur . j our . Biochem., 227 , 838-847 ,1995, 

"efly, a IL-lra producing recombinant Escherichia coli is 
Prepared by inserting the human IL-lra gene (from BBL - 
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B riti.h Biotechnology Labs, into the TAC-Bsp vector by 
cutting the BBL IL-lra vector with HindlH and BamHI , 
isolating the Hindi I I-BamHI fragment and inserting this 
latte . into a BspMI/BaraHI-digested TAC-Bsp vector with 
5 add-on of two linker oligonucleotides to bridge the 
restriction site and to put the gene in frame. 

so obtained recombinant B. ccli is grown overnight at 
37°C in Luria broth containing 50 u,/ml of ampicillm; 
fcactenal cells are then harvested by centrif ugation and 

in stored at -80°C until use. 

locoing to the recovery procedure disclosed in tne 
above document, bacterial cells are then lysed by 
somcation, centrifuged and clarified to remove cell 

„ """tor purification purposes, the clarified suspension is 
£i rst passed through a hydrophobic interaction matrix 
,Phenyl-sepharose Fast-Flow, Pharmacia) using a salt- 
gradient elution; fractions containing the IL-lra are 
pooled, dialyzed and passed through an anionic ««» 
2o '„onoQwith FPLC system, Pharmacia,, then ammonium sulfate 
s added to the fractions containing the IL-lra which are 
again passed through the hydrophobic interaction matrix and 
finally purified by gel filtration. 

„ According to other purification procedures, the 

recombinant IL-lra protein contained in the 

solution may also be purified by using two anionic exchange 

m atnces and a size exclusion chromatography, » 

by d.b. carter .t al., Nature. 344 (1990,, pp. 633-638, 

,0 by employing an anionic exchange chromatography, an 

hydrophobic interaction chromatography and a size exc lu, , on 

as disclosed by O.M.P- Singh et al . , Spec, 
chromatography, as aiscxoseu y 

Publ. - R. Soc. Chem. (1994), 158 (Separations for 
Biotechnology 3), pp. 474-481. 
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It has now been found that the purification of i L -lra 
protein can be easily achieved by using a simple two-step 
purification process which employs a cation exchange matrix 
and an anion exchange matrix. 

In particular, the first elution is achieved by 
Rasing the p„ of the eiuent with respect to the one of 
the loading mixture. The eluates containing the IL- lra 
protein from the first chromatographic column are then 
directly loaded onto the second chromatographic column, 
without any intermediate operation such as diaf iltraticn or 

l sls; =econd eluti ° n " then »y in«.„ in , 

he rr ngth of the eiuent with respect " ■>»• ° 

the mixture eluted from the first chromatographic step. 

As the skilled man will appreciate, the present 
Purification method can be appUed, using a conventional 
chromatographic system, to the clarified suspension 
obtained by the fermentation process described above, a^er 
treatment of the recombinant E. coli fermentation mass " 

However, according to a preferred embodiment, the first 
purification step onto the cationic exchange matrix is 
preferably performed under the conditions o, the so-called 
upTfl H be<1 adSOrPti ° n t.chni«u.-. This technique, based 

and io" 7 ' ^ ° f P«"«l« columns 

and ion exchangers, which allow to feed the column with a 

cell deb With ° Ut ne6d ° £ operations for 

cell debris removal, such as concentration and/or 

clarification. Whilst the desired protein is adsorbed onto 

the matrix, the cell debris passes through the column 

unhindered and is then discarded (together with the unbound 

Proteins, . Accordingly, the homogenate obtained after cell 

disruption does not need to be clarified and filtered as 

disclosed in the above prior art documents for eliminating 

the cell debris, but may directly be loaded onto the first 
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cationic exchange matrix (see Hjorth et al., Bioseparation, 
5(4) , 217-223, 1995) . 



By coupling the expanded bed adsorption technique with 
the improved two-step chromatographic purification, a new 
s^ple procedure for the purification of IL-lra from 
recombinant E. coli is thus provided; as a further 



the 



10 



15 



advantage, in view of the low number of operates, 
present purification process is also easUy scalabl for 
industrial production of the IL-lra recombinant protein. 

As a general procedure, the colonic exchange matrix is 
first swallen by addition of a suitable aqueous buffered 
solution .buffer A) having a P H lower than 6.2 , P«'«"^ 
from about S.O to about 6.2. particularly preferred be.ng . 
oH of about 6.0. For instance, buffered solutions 
containing MES . 4-morpholineethanesulf onic acid,, BIS-RIS 
,9-bis I'-hydroxyethyl) amino-2- (hydroxymethyl) -1, 3- 
propandlol. or citrate may be employed. If desired further 
compounds may be added to the buffering solution, for 
instance protease inhibitors such as EDTA .ethylendiamino- 
tetraacetic acid) or PMSF (benzenemethanesulfonyl 
fluoride> . A suitable buffering solution may be P«P"**- 
for instance, with 20 mM MES and ImM EDTA < P H about 6 0). 
, The column is then loaded with the mixture to be purified, 
which will be either a clarified solution when a 
conventional chromatographic technique is applied or an 
homogenate containing the cell debris when the expanded bed 
adsorption technique is applied. The mixture to be purified 
is loaded as a solution with a buffer having a pH value 
within the above range (lower than 6.2, preferably 5.0- 
6 2, the buffer solution being preferably the one employed 
for the expansion of the matrix. The addition of the 
buffered solution has also the result of diluting the 
mixture to be punfed, so to achieve a low ionic strength 



30 
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of the loading solut.cn; if necessary, the ionic strength 
of the loading mixture may be further lowered by diluti 
it with deminerilazed water. 
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Before eluting, the column is washed with a suitable 
buffer, preferably with the same buffer A used for 
expanding the matrxx; preferably, after washxng with buffer 
A, the column is then washed with water, so to mxnxmxze 
undesired pH ' s gradients inside the column. 

The IL-lra protein is then eluted with another aqueous 
buffered solution (buffer B> , havxng a pH value of f rom 
about 7.5 to about 9.0, preferably about 8.0. For instance, 
buffered solutions containing TRIS (2-amino-2- 

(hydroxymethyD-l^-propanediol), HEPES ( 4- (2-hydroxy- 
ethyl)-l- pi p era21neethanesulfon . c acid) Qr phQsphate ^ 

employed. Also in this case, as for buffer A, suitable 
addxtives may be added to the buffered solutxon. A suxtable 

bufferxng solution may be nreDarpH <=^v 

prepared, for xnstance, with 

25 mM TRIS and ImM EDTA (pH about 8.0). 

The monitoring of the eluates xs performed accordxng to 
the known techniques, such as by UV analysis. 

By following the above procedure, the eluted solutxon 
containing the desired IL-lra, which will have a P H value 
wxthxn the range above defined for buffer B ( i e 7 5 to 
9.0, and a low ionic strength, may dxrectly be loaded onto 
the anxonic exchange resin. 

The eluates from the cationic exchange column, 
containing the desxred IL-lra protexn, are thus directly 
loaded onto the anionic exchange matrix, which has beer 
previously equilibrated with a suxtable buffer, preferably 
with the same buffer B used for eluting the IL-lra protexn 
from the cationic exchange matrxx. After washing the loaded 
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matrix, preferably with buffer B, the IL-lr. prot.lr , » 
th en eluted with an agueous buffered solution buff. C. 
having the same P H as buffer B .i.e. from about 7.5 to 9 0 
preferably about B.0, but with an greased ionic strength 
, (measured as conductivity of the solution) . 

As a general indication, the buffer B solution, whicn 
should have a low ionic strength, will in general have a 
conductivity lower than 3.0 mS/cm 2 , preferably lower than 
1 5 mS/cm 2 , particularly preferred being a conductivity of 
about 0.9-1.0 mS/cm 2 . As said above, also the ionic strength 
of the natures loaded onto the ionic exchange "trie, 
should be fc.pt at low values; thus the above "™ 
values are also desirable for these mixtures. On the other 
side, the buffer C solution, which has an increased salt 
„ content will in general have a conductivity higher than 
9 mS/cm 2 . preferably from 9 to 15 ms/cm , particularly 
preferred being a conductivity of about 10 mS/cm . 

As fcnown in the art, for increasing the ionic strength 
of a buffered solution, a non-buffering salt is added 
» thereto, such as NaCl, KC1 and the li.e. Buffering agen 

and additives for buffer C are generally the same as those 
employed for buffer B . For instance, a suitable solution 
for buffer C may be prepared with 2 5 m» TKIS. 100 - NaCl 
and M EDTA (P H about 8.0, conductivity about 10 mS/=m > • 

Also in this case, the monitoring of the eluates is 
performed according to the known techniques, such as by UV 
analysis . 

At the end of the chromatographic purification, the 
obtained solution is then treated as known m the art for 
recovering the pure IL-lr. recombinant protein. For 
instance, tipxeal operations which may be applied, also 
combination, for recovering the pure product are 
concentration, filtration and diaf i 1 trat ion . 



25 
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Whan conventional ion exchange chromatographic 
techniques are employed, suitable cationic exchanger, which 
may be empioyed in the first chromatogr * » 

cross agarose based, synthetic organic pollers 

based, coated silica Prices based cation exchangers 
"hich may be functionally with carboxymethyi, su lfo ate 
sulfoethyl or sulfopropyl grouos P„, „, 
'« agarose based or syndic I P " ferably ' «°«-lin*.d 

exch»no= synthetic organic polymers based cation 

exchangers are employed, which are preferably 
functionated with sulfonate or sulfopropyl groups. 

are the ^7' C <™ ia1 ^ liable '"ionic exchangers 
are the cellulose based CM j-\ ™ to ^ 

» -e dextran based CM-Seph^d " T 

Sephadex C-SO and SP-Sephadex CSO^T, n ^se 

or cross-li nte d agarose based CM Bio-gel A .Biorad, . cT 

1 h a ::r CL ~ 6B and s - s - h «°- — ««« ^ad , ; 

synthetic organic polymer based Mono 3 .Pharmacia,, s-Hyper 

th ::i::n- sp - 5 - pw and hrlc m7c > - 

shoo s matrlCSS baSed SUCh " CM -"d SP 

SHOO IServa] . Preferred matrices ar» <s o 

and S-Hyper D. S-Sepharose, Mono s 

According to the preferred embodiment, when the 

chromatographic step, a particular ^ 

P^r-cicular column and ion exrhannor 

are employed. In the specific thp . exchanger 

=>peciric, the column is provided wifh 

IT "hIT adap d tor ' moved by hyd — — ■ " 

net at the top and the bottom of it, which permits the 

pa sage of the cell debris but not of the bead partic es of 

ped 1 :: ::i d han9 : r - h The ion exch — — - <°*-*t 

special beads which are made heavier with respect to the 

exchLr 10 r d " ™— The ion 

exchange matrix may be selected from the above cited cation 
' exchange matrices, i.e. cellulose based, dextran based 
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agarose or cross-linked agarose based, synthetic organic 
polymers based, functionalized with carboxymethyl , 
sulfonate, sulfoethyl or sulfopropyl groups; said matrices 
are made heavier with respect to conventional matrices by 
addition of inert material to the beads, for instance 
quarz. Preferably, cross-linked agarose based cation 
exchangers are employed, which are preferably 
functionalized with sulfonate or sulfopropyl groups. 

For instance, a STREAMLINE column (Pharmacia) filled 
with the a modified cross-linked agarose based cationic 
exchanger such as SP- STREAMLINE (modified SP-Sephadex, 
Pharmacia) can conveniently be employed. 



15 



20 



Suitable anionic exchangers which may be employed in 
the second chromatographic step are the cellulose based, 
dextran based, agarose or cross-linked agarose based, 
synthetic organic polymers based and coated silica matrices 
based anion exchangers, which may be functionalized with 
diethylaminoethyl, quaternary aminomethyl, quaternary 
aminoethyl diethyl- ( 2-hydroxypropyl ) aminoethyl , 
triethylaminomethyl, triethylaminopropyl and 
poliethyieneimine groups. Preferably, cross-linked agarose 
based or synthetic organic polymers based anion exchangers 
are employed, which are preferably functionalized with a 
25 quaternary aminomethyl group. 

Examples of commercially available anionic exchangers are 
the cellulose ion exchangers such as DE 23, DE 32 and DE 52 
(Whatman) , the dextran ion exchangers such as DEAE-Sephadex 
C-25, QAE-Sephadex C-25, DEAE-Sephadex C-50 and QAE- 
Sephadex C-50 (Pharmacia), the agarose or cross-linked 
agarose such as DEAE Bio-gel A (Biorad) , DEAE-Sepharose CL- 
6B and Q-Sepharose Fast Flow (Pharmacia), the synthetic 
organic polymers, such as Mono Q (Pharmacia), Q-Hyper D 
(Biosepra), DEAE-5-PW and HRLC MA7P (Biorad) and the coatee 
silica matrices such as DEAE Si500 and TEAP SilOO (Serva) . 
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Preferred matnces are Q-Sepharose, Mono Q and Q-Hyper D * 
preferably the Q-Sepharose is employed as the anionic 
exchanger . 

The following examples illustrate more m detail the 
purification process of the present invention. 

Buffered solutions 
Buffer : Composition \ pH \ Conductivity 

a . 'ZI 2 ^^Ime's,' i""^"'^™ f- 6 -- 0 --: ^.™ a > 

c . L. 2 .^...^.j^rioo'''^"'Naci; EDTA ;- 8 : 0 i 

D |25mM TRIS, 1 M NaCl~^'l: D l A f'^P " " 



E 



■—J^.J*±i*?.9j.>.. 150 mM NaCl 



7 . 3 



n.e. - not evaluated 



n . e . 



25 



EXAMPLE 1 

Ferment ation of recombinant E. coli 

Recombinant E. coli K12 (AB1899) containing the plasmid 
for the expression of IL-lra is grown in a 50 liters 
fermenter overnight at 37" C in Luna broth containing 
50 ug/ml of ampicillin, as described by Schreuder et al , 
Eur. Jour. Biochem., 227, 838-847 (1995). 

EXAMPLE 2 

Cell harvesting 

At the end of the fermentation process, 50 1 of 
fermentation broth are discharged and the cells are 
harvested with the RC-5B refrigerated superspeed centrifuge 
(SORVALL) with the TZ 28 zonal rotor (SORVALL) at a loading 
flow rate of 12 l/ h . ^out 350 g Qf ceU ^ 

harvested, divided into aliquotes and stored at -80°c 
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EXAMPLE 3 

Cell washing an d harvesting 

250 g of cell paste from Example 2 are thawed. The cell 
paste is suspended in Buffer A (about 15 ml/g of cell 
paste) - This suspension is passed through a DYNO-MILL 
apparatus (WAB AG, Basel) in a continuous manner at a flow 
rate of about 5 1/h, in order to disrupt the cells. The 
eel: disruption is controlled with the microscope. The 
vo^e of the homogenate is then brought to about 5600 ml 
with Buffer A, so that the conductivity is between 900-1000 
mS/cm- and that the pH value is about 6.0. 
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EXAMPLE 4 

First ion exchange step (expanded bed principle) 

- Chromatographic system: STREAMLINE (Pharmacia): 
50x1000 mm STREAMLINE glass column filled with 600 ml of 
SP-STREAMLINE cation exchanger; 

- UV detection: UVICORD SI Monitor + Industrial cell 
(Pharmacia LKB) ; recorder Rec 102 (Pharmacia); X = 280 nm 

- Flow Rates: expansion, loading 4800 ml/h 

washing, packing, elution 1100 ml/h 



Since this first step is based on the expanded bed 
adsorption principle, there is no need to clarify and 
.5 filter the homogenate obtained according to Example 2. 
The matrix is first expanded with Buffer A (pH 6.0) to 
about 2.5 times the volume of the matrix when it is packed. 
The homogenate from Example 3 (containing also the ceil 
debris) is loaded directly onto the ion exchange matrix 
from the bottom of the column. The column is thoroughly 

shed with Buffer A to remove all of the debris and then 
with water to remove Buffer A; finally, the cationic 
exchange matrix is packed by hydraulicly lowering the top 
adaptor of the column. Once the matrix is packed, IL-lra is 



30 
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eluted with Buffer B, by reversing the flow direction (i.e. 
from the top to the bottom of the column) . 

This type of elucion allows to directly load the eluate 
obtained from the SP-Streamline ion exchanger onto the 
second ion exchange matrix, without the need to concentrate 
and diafiltrate this eluate. 



10 



EXAMPLE 5 

Second ion exchange step 

- Chromatographic system: Biopilot (Pharmacia) : 

50x300 mm glass column filled with 200 ml of Q-Sepharose FF 
anion exchanger; 

- UV detection at X = 280 nm 

- Flow Rates: equilibrating, loading, washing 1000 ml/h 
15 elution 2000 ml/h 

The Q-Sepharose containing column is equilibrated with 
Buffer B. The eluate obtained from the SP-Streamline is 
loaded directly onto this second matrix. The matrix is then 
20 washed with Buffer B. Once the adsorbance returns to the 
baseline, IL-lra is eluted with Buffer C, collecting about 
400 ml of eluate containing the IL-lra recombinant protein. 

To eliminate impurities tightly bound to the matrix, 
the column is finally washed with Buffer D. 
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EXAMPLE 6 

Concentration and diaf iltration 

The eluate from the second chromatography is 
concentrated using SI YM3 membranes (AMICON) . After having 
reduced the initial eluate volume 10 fold, the concentrate 
is diafilterd with Buffer E, monitoring the pH and the 
conductivity of the filtered solution. 

At the end of the purification process, about 1.5 g of IL- 
lra recombinant protein are recovered, with a purity higher 
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than 95V.. as determined by SDS-PAGE analysis (Pharmacia LKB 
- PHAST SYSTEM; PHAST Gel SDS-PAGE 6-25%) . 
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1. A process for purifying human Interleukin-1 receptor 
antagonist (IL-lra), obtained by fermenting a stra.n of 
recombinant E. coll, which comprises: 

a) loadmg the mixture to be purified, which has been 
buffered at a P H value lower than 6.2 and optionally 
diluted to reduce its ionic strength to a conductivity 
value lower than 3.0 mS/cm 2 , onto a cationic exchange matrix 
and eluting with an aqueous buffered solution having a P H 
value from about 7.5 to 9.0 and a ionic strength such tha^ 
the conductivity value is lower than 3.0 mS/cm 2 ; and 
b) applying this eluate directly onto an anionic 

exchange matrix and eluting with an aqueous buffered 
solution having a P H value of about 7.5 to 9.0 and an 
ionic strength such that the conductivity value is 
higher than 9 mS/cm 2 . 

2- A process according to claim 1 wherein the fi^st 
chromatographic step is performed according to the expanded 
bed adsorption technique, which comprises loading a cell 
debris containing homogenate onto the cationic exchange 
column, which homogenate is obtained directly from the 
fermentation mass by cell harvesting, washing and 
disruption, without subsequent clarification and 
filtration . 
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3. A process according to claim 1 or 2 wherein the 
cationic exchange matrix is first expanded with an aqueous 
buffered solution having a P H value lower than 6.2. 

4. A process according to claim 3 wherein, after applying 
the mixture to be purified onto the cationic exchange 
matrix and before eluting it, said matrix is first washed 
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with the same buffer used for its expantion and then 
optionally with water. 

5. A process according to any one of the preceding claims 
wherein the P H of the buffer used for expanding the 
catiomc exchange matrix and for its washing and the P H or 
the buffered mixture loaded onto the catiomc exchange 
matrix is from about 5 . 0 to about 6.2. 

6 A process according to claim 1, 2 or 3 wherein the P H 
of the buffer employed for eluting the catiomc exchange 
matrix and of the buffer employed for eluting the anionic 
exchange matrix is about 8.0. 

7 A process according to any one of the preceding claims 
wherein the conductivity of the mixture loaded onto the 
cationic exchange matrix, of the eluting buffer and of the 
solution loaded onto anionic exchange matrix is lower tnan 
1.5 mS / cirr . 

8 A process according to any one of the preceding claims 
wherein said conductivity is about 0.9-1.0 mS/cm" . 

9 A process according to any one of the preceding claims 
wherein the conductivity of the buffer employed for eluting 
the anionic exchange matrix is 9.0 and 15.0 mS/cm" . 

10. A process according to claim 9 wherein the 
conductivity of said buffer is about 10 . 0- mS/cnr . 

11. A process according to any one of the preceding claims 
wherein the buffer solution for expanding the cation 
exchange matrix, for buffering the mixture to be purified 
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and for washing the cationic exchange matrix before the 
elution contains 20 mM MES and ImM EDTA. 

12. A process according to any one of the preceding claims 
5 wherein the buffer solution for the elution from the 

cationic matrix contains 25 mM TRIS and ImM EDTA. 

13. A process according to any one of the preceding claims 
wherein the buffer solution for the elution from the 
anionic matrix contains 25 mM TRIS, 100 mM NaCl and ImM 
EDTA. 
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14. A process according to any one of the preceding clai 
wherein the cationic exchange matrix is selected fr 



ms 

om 



15 cellulose-based, dextran-based, agarose-or cross-linked 

agarose-based, synthetic organic polymers-based and coated 
silica matrices-based cation exchangers, which is 
optionally f unct ionalized with carboxymethyl , sulfonate, 
sulfoethyl or sulfopropyl groups. 



15. A process according to any one of the preceding claims 
wherein the cationic exchange matrix employed in the first 
chromatographic step is a cross-linked agarose based or 
synthetic organic polymers based cation exchanger, 

25 functionalized with sulfonate or sulfopropyl groups. 

16. A process according to any one of the preceding claims 
wherein the anionic exchanger employed in the second 
chromatographic step is selected from a cellulose based, 

30 dextran based, agarose or cross-linked agarose based, 

synthetic organic polymers based and coated silica matrices 
based anion exchanger, functionalized with 
diethylaminoethyl, quaternary aminomethyl, quaternary 
aminoethyl diethyl- ( 2-hydroxy-propyl ) aminoethyl , 
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triethylaminomethyl, triethylaminopropyl or 
poliethyleneimine groups. 

17 A process according to any one of the preceding claxms 
5 wherein the anionic exchanger employed in the second 
chromatographic step is a cross-linked agarose-based or 
synthetic organic polymers-based anion exchangers whxch is 
functionalized with a quaternary aminomethyl group. 
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